Introduction
The input of nitrogen (N) and sulphur (S) to terrestrial and aquatic ecosystems has strongly increased over the past century due to human activities. This particularly holds true for forest ecosystems in Europe (de Vries et al. 2003) and NE America (Lovett & Lindberg 1993) . Chronically enhanced N and S deposition results in varying ecosys tem responses, including increased biomass growth, but also soil acidification, changes in plant species composition and nutrient availability, increased N emission losses, and increased nitrate, sulphate, and cation losses by leaching below the rooting zone (Aber et al. 1998 , van Dobben et al. 2006 .
For forest and nature policy it is important to know the highest deposition level below which no harmful effects on forest soils oc cur. Therefore, the concept of critical loads has been adopted, i.e., the highest deposition of acidifying compounds that will not cause chemical changes leading to long-term harm ful effects on ecosystem structure and func tion according to present knowledge (UBA 2004) . Critical loads are determined using a static mass balance in which the ecosystem is assumed to be in equilibrium with the de position. However, many forest ecosystems are not in steady-state due to processes such as cation exchange, sulphate desorption and N immobilisation, which create time lags between changes in deposition and chemical soil status (e.g., Neirynck et al. 2002) . Con sequently, dynamic models that account for these buffering processes are required to simulate the effect of changing atmospheric inputs on forest soils through time. This al lows to determine a target load, i.e., the de position for which a chosen chemical status is respected from a target year on (UBA 2004) .
The N and S deposition in Flanders (north ern Belgium) is amongst the highest in Europe (UNECE 2003) . While critical loads have been calculated for the acidifying and eutrophying effects of N and S deposition onto various ecosystems, soil buffering mechanisms have not yet been taken into ac count. Therefore, the aim of this study was to determine target loads for acidification for representative forest ecosystems in Flanders using dynamic modelling.
Summary of methods
Critical loads and target loads were calcu lated for 83 forest stands of the Flemish forest condition (Level I) and intensive mon itoring (Level II) networks according to the harmonized methodology of the Coordina tion Center of Effects (UBA 2004) . The Very Simple Dynamic (VSD) model was used for simulating the chemical composi tion of soil and soil solution throughout time (1880-2100) based on soil characteristics and rainfall, deposition and growth data. The VSD model is largely based on the soil mod el SMART (de Vries et al. 1989 , Posch et al. 1993 ) that has been simplified by: (i) neg lecting calcareous soils and aluminium de pletion in highly acidified soils; (ii) ignoring sulphate adsorption; (iii) assuming complete nitrification, thus ignoring NH4 + leaching; and (iv) lumping the exchange of all base cations in one term. Furthermore, it uses a new approach of modelling N immobilisa tion. More information on VSD is given in Reinds et al. (2008) . In the present study, the mass balance of N included atmospheric de position, soil immobilisation, growth uptake, denitrification, and soil leaching. The exact VSD equations used are given in UBA (2004) . The year 2010 was used as the start ing year of deposition reductions, with 2020 the implementation year of a target load. Target loads were calculated that resulted in a maximum aluminium to base cation ratio (molar Al:Bc = 1) in the soil solution from three target years on (2030, 2050, and 2100) .
Input data were as much as possible de rived from site-specific measurements or re gional data, following guidelines of UBA (2004) and described in detail by Staelens et al. (2006) . Soil parameters included (i) min eral weathering of base cations (K + , Ca 2+ , and Mg 2+ ), estimated from the measured soil type, (ii) cation exchange, derived from the measured cation exchange capacity and the Gapon exchange model, with exchange coef ficients calibrated by the VSD model, (iii) denitrification, estimated from soil drainage status and assuming total nitrification, and (iv) nitrogen immobilisation, modelled based on the measured carbon to nitrogen (C:N) ra tio of the litter and upper 0-20 cm soil layers. Time series of atmospheric N and S depos ition were provided by EMEP (Convention on Long-range Transboundary Air Pollution, CLRTAP). Base cation and chloride depos ition were assumed to be constant over time and were derived from throughfall data cor rected for ion exchange within the canopy. The growth uptake of nitrogen and base cations was calculated using tree speciesspecific annual wood production and nutrient contents. The annual percolation flux below the rooting zone was quantified by combin ing regionally interpolated rainfall with spe cies-specific rainfall interception and actual evapotranspiration values. Model sensitivity was assessed for all stands by varying the in put data and model parameters within rea The aim of this study was to determine target loads for acidification for repres entative forest ecosystems in Flanders (Belgium) using dynamic modelling. Tar get loads were calculated for 83 forest stands for which sufficient measure ments were available. This dataset is considered to be representative for the Flemish forest area. It is concluded that, despite the inherent uncertainty in modelling soil acidification at a regional level, important N and S deposition re ductions are needed to allow recovery of the Flemish forest soils.
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Critical loads and target loads of acidifying deposition indicate a sum of N and S depos ition that allow the soil and soil solution to reach a chemical criterion in the long term or in the target year, respectively. If only S con tributes to soil acidification, the acceptable S deposition is called the maximum critical or target load of S. If the S deposition is zero, the acceptable N deposition is the maximum critical or target load of acidifying N (UBA 2004).
Results and discussion
Target loads depend on the target year by which the preset chemical criterion (Al:Bc = 1) in the soil solution should be achieved at last. Target loads are higher for more future target years (Fig. 1) as this corresponds to al lowing a longer time period with lowered N and S deposition during which soils can re cover from acidification. To respect the Al:Bc criterion from target year 2050 on, stronger reductions in N and S deposition than in the Gothenburg agreements (CLRTAP) were needed in 84% of the plots. In 12% of the plots no additional deposition reductions were needed, while for 4% the criterion could not be reached. For target year 2030, the criterion was not feasible for 17% of the plots.
The median (n = 83) target load of S for 2030, 2050, and 2100 amounted to 58, 65, and 86% of the median critical load of S (be ing 1829 eq ha -1 yr -1 ), respectively (Tab. 1). The target loads of N differed less from the critical load of N than for S due to the timedependent soil N immobilisation. Target and critical loads of N were always higher than for S because of this N immobilisation, N growth uptake and denitrification. However, enhanced N inputs not only affect terrestrial ecosystems through soil acidification (cf. In troduction). To avoid changes in species composition or nitrate leaching to the groundwater, other critical loads are used (UBA 2004 ) that result in lower acceptable N loads than in the present study (Staelens et al. 2006) , in which we calculated the accept able acidifying N deposition.
The critical and target loads were lower for deciduous than for coniferous stands (Fig. 2) because of the higher base cation uptake by deciduous trees. As an example, for sandy soils the median target load of S for 2050 was 275 eq ha -1 yr -1 for deciduous stands (n = 25) and 1638 eq ha -1 yr -1 for coniferous stands (n = 27). The acceptable acidifying deposition was lowest for forests on sandy soils because of the lower mineral weather ing rates compared to loamy or clayey soils (Fig. 2 -van Target load 2030  0  811  2464  0  1938  7947  Target load 2050  41  1324  2873  747  2564  8011  Target load 2100  478  1598  2885  1691  2958  8064  Critical load  919  1829  2885  2162  3115 8374 Exceedances of target loads were calcu lated based on projected EMEP depositions for 2010. For target year 2050, the projected depositions were too high for 88% of the study sites. The median exceedances of acid ifying N and S deposition for the target years 2030, 2050, and 2100 were 1953, 1443, and 1202 eq ha -1 yr -1 . In the present study, target loads were cal culated for 83 forest stands for which suffi cient measurements were available. Thanks to the systematic site selection of the forest condition network, this dataset is considered to be representative for the Flemish forest area in general, although coniferous stands were slightly under-represented. This was confirmed by comparing the distribution of critical loads for acidification for the 83 sites with those for a larger database of 1438 plots (Staelens et al. 2006 ). The range of critical S loads was similar for both datasets, and the median values differed by only 6%. We con clude that, despite the inherent uncertainty in modelling soil acidification at a regional level, important N and S deposition reduc tions are needed to allow recovery of the Flemish forest soils.
